The tomato plant (Lycopersicum esculentum L.) is a perennial, shrubby-like vegetable with high reproductive ability, which behaves like a typical annual crop. The aim of this work was to select suitable tests to assess the quality of different lots of tomato seeds. Six batches of tomato seeds were assessed for parameter values: moisture content, germination, first count, accelerated aging (standard: 40 mL of water; saline solution: 11 g NaCl/100mL of water and saturated saline solution: 40 g NaCl/100mL water) and seedling emergence in soil. Accelerated aging through the use of saturated salt solution for 48 h or 72 h at 41˚C resulted in an alternative and efficient way to evaluate the physiological quality of tomato seeds. The standard accelerated aging test was less efficient and exhibited higher moisture variation.
Introduction
The tomato plant (Lycopersicum esculentum L.) belongs to the Solanaceae family, exhibiting a shrub-like habit with a growth cycle typical of annual plants. The species originated in the Andes region, and was introduced to Brazil by European immigrants at the end of the XIX century. Its morphology is that of a creeping plant with semi-erect and erect forms, which exhibit specific thermal requirements for flowering [1] .
In recent years, the Brazilian production of vegetable seeds has increased its demand for better quality products, thus significantly influencing production systems. Despite this progress, much remains to be done not only to achieve self-sufficiency but also to produce top quality seed, especially in regard to germination uniformity that will guarantee adequate stands. Within this context, producing and delivering high vigor vegetable seeds constitute basic and fundamental elements to keep this industry's growth. However, given this trend, the need for improvement on the existing seed quality tests used to detect subtle variations among seed lots is necessary [2] [3] .
Vigor tests are effective complementary tools to the information provided by the germination test, and are directly related to seed performance in the field and during storage. Knowledge of seed vigor enables the production of seedlings of uniform size and growth rate, with advantages to the crop's development [4] .
Seed quality is routinely assessed through the germination test, which has been certified as the result of its reproducibility [5] [6] . Under the environment in which the germination test is performed, seed germination is enhanced to the maximum threshold level, conditions rarely found in the field, which account for the discrepancies found on the final values for the performance of a specific seed lot under both situations [7] .
The first germination count, usually performed to facilitate the execution of the test is considered a test for vigor, since it is known that the onset of the seed decay process affects the germination speed first rather than the final germination values. Therefore, samples that germinate faster, with higher values for the first count, can be considered more vigorous than those of slower germination [7] [8] . Additionally, this test has the advantage of being of easy implementation and providing results rapidly, but according to [6] [7] , it is not able to detect small differences between seed lots due to its low sensitivity.
The accelerated aging test, initially developed to estimate the storage potential of seeds, has proved a very efficient resource to assess seed vigor, thus sorting seed lots according to their ability to germinate and establish in the field. In this test, the rate of seed deterioration is accelerated by their exposure to high levels of temperature and relative humidity [9] . An alternative accelerated aging test method for small-seeded species is under consideration, namely the replacement of water by a saturated salt solution [10] . This work aimed at the assessment of different versions of the accelerated aging test on tomato seed quality.
Materials and Methods
This research was conducted at the Seed Testing Laboratory from the Plant Science Department, Faculty of Agronomy "Eliseu Maciel", from the Federal University of Pelotas, at Pelotas, RS.
Tomato seeds originating from five different lots, cultivate Santa Clara were tested for the following traits: Moisture content: Two four-gram seed sample replicates per lot were put in the oven at 105˚C ± 3˚C for 24 hours, according to the procedure established by the Regraspara Análise de Sementes-RAS [11] , and the resulting values expressed on a percentage basis. Following the different versions of the accelerated aging test, further moisture content tests were performed under the same methodology.
Germination: Four 50-seed sub samples per lot were allocated in plastic germination boxes, over a double layer of blotting paper moistened with water at the equivalent of 2.5 times the weight of paper. Normal seedling counts were performed on the fifth and fourteenth days after being placed in the germination chamber, proceeding in compliance with the Rules for Seed Testing (Regraspara Análise de Sementes) [11] .
First germination count: This determination assessed the number of normal tomato seedlings on the fifth day after entering the germination chamber, with results expressed on a percentage basis.
Seedling emergence: Five 50-seed replicates per seed lot were allocated to individual cells in polystyrene trays filled with commercial susbstrate Plantmax ® and placed inside a greenhouse. After a 14-day period, seedlings with lengths equal or above 1.0 cm were counted and the results expressed as percentage of seedling emergence for each replicate.
The three variants for the accelerated aging test assessed in this work were aimed at determining the best alternative, as well as the optimum time of exposure for the seeds being treated.
Standard Accelerated Aging Test (SAAT): This test is based on a 4 g seed sample laid on a suspended wire mesh and placed in plastic germination boxes, filled with 40 mL distilled water. All germination boxes were then placed into a B.O.D. incubator a at set temperature of 41˚C for two distinct periods, 48 h and 72 h after which they were subjected to germination tests, as described previously. Five days after entering the germination chamber the first count was performed, and the results computed as the percentage of normal seedlings. According to the procedure described by [12] , the moisture content of seeds was estimated for all samples across both accelerated aging periods, at the end of each exposure time.
Saturated Salt Accelerated Aging (SatSAA): This test is performed in a similar fashion to the SAAT (same temperature and exposure time), however, instead of distilled water 40 mL NaCl saturated solution (40 g NaCl in 100 mL water) are added. Thus, the test is performed under an environment with 76% relative humidity, as described by [13] .
Salt Solution Accelerated Aging (SSAA): This variant resulted from an adaptation of the methodology described by [13] , the basic difference with the SatSAA method being the NaCl concentration, in this case 11 g NaCl in 100 mL water. The latter renders an environment with 94% relative humidity, as estimated by the Van't Holf equation, as described by [14] .
A completely randomized experimental design with four replicates was used to allocate all samples within each test. All data were subjected to analysis of variance and, when appropriate, sample means were compared through the Tukey test to the 5% significance level. To further test for differences between treatments, the Pearson simple correlation test was run to the 5% and 1% probability levels, to compare the data from the different accelerated aging tests with data from the initial seed quality levels.
Results and Discussion
The initial seed moisture content did not differ across the five seed lots considered in this work ( Table 1) , varying between 6.3% and 7.7%. This was appropriate for the execution of the different tests, as uniform seed moisture content is essential to standardization of all procedures to ensure the consistency of results [12] .
Under SAAT all seed lots exhibited differences on the moisture content, varying from 12.3% to 19.5%, however, in SatSAA the variation range was 8.7% to 9.8% and under SSAA the highest difference was 1% and the seeds exhibited moisture contents between 8.7% and 10.1%, according to the specific lot. These results allow considering the use of a salt solution to control water absorption by seeds, thus aiding on the evaluation of seed vigor from the different lots used in this study. According to [12] , the seed moisture content immediately after SSAA is lower and more uniform, a prerequisite to achieve accurate results.
The percentage germination for the different seed lots were similar across all the accelerated aging tests, as shown on Table 2 , with values in excess of 90%. This test was efficient to identify seed vigor differences among lots, separating lots 3 and 4 as those of highest quality, lots 1 and 2 as intermediary and lot 5 as the one with the lowest seed quality. However, it must be remembered that despite the first count being an indicator of seed vigor, reductions on the speed of germination are not the first recognizable effects of the seed deterioration process [15] . Means followed by the same letter in columns do not differ by the Tukey test at 5% probability level.
The test for seedling emergence ( Table 2 ) also contributed to separate levels of vigor, with lots 2 and 4 showing the highest vigor values and lot 5 the lowest, which indicates this test as an accurate parameter to estimate seed lot quality [15] . All seed lots clearly showed similar high germination values, however, with differences in vigor, making it necessary to develop methodologies capable of rapidly ranking seed lots on this trait.
The sensitivity of the SAAT (100% RH) and SSAA (94% RH) ( Table 3 ) tests for classifying seed lots in response to the exposure time was variable, establishing five levels of seed vigor for the period of 48 h and four levels of vigor for the 72 h period. The longest exposure period ranked seed lot 1 as the best and seed lot 3 as the worst, and according to [16] , the use of a NaCl solution proved appropriate to assess the quality of radish seeds. Similar results for onion seeds were reported by [17] , and for SatSAA (76% RH), exposure for a 48 h period was the most adequate, saving time for the acquisition of seed quality data.
Both exposure periods assessed in this work ranked seed lots under three vigor levels, with different responses according to seed lots and time of exposure. Under the shorter exposure time (48 h), seed lots 1 and 4 had the highest values while for the 72 h period seeds from lots 1 and 2 yielded the best results; lot 5 ranked the lowest under both exposure periods.
When comparing data of SatSAA for the 48 h period with data from seedling emergence, seed lots 1 and 4 confirmed the highest vigor values, while lot 5 the lowest. This procedure has been reported as the most accurate for comparisons among cabbage and broccoli seed lots by [18] , and for okra by [19] . According to [20] , exposure of eggplant, broccoli and tomato seeds to SAAT for 48 h or 72 h did not result in sharp reductions of seed quality.
The analysis of the correlation coefficients (Table 4) enabled the determination of which of these could be used as predictors of tomato seed quality. Positive correlations to the 5% probability level could be established between seedling emergence in the greenhouse and the SAAT and SSAA tests, and to the 1% significance level for the SatSAA test, in both cases for the 48-hour exposure time.
The correlation coefficient between the first count test and SSAA-48 h also resulted in a significant difference to the 1% level, results in agreement with the findings of [17] for coriander seeds. Data obtained for the correlation coefficients between germination and SAAT-72 h were significant to the 1% level, while correlations with greenhouse seedling emergence values tested significant at the 5% level for the same exposure time. The SSAA-72 h test was a simple and efficient procedure to detect differences among tomato seed lots, reducing laboratory expenses while maintaining quality standards, most probably due to the moisture restrictions that occur during the execution of this test [21] The SatSAA for both 48 h and 72 h exposure periods showed correlation with vigor tests. These results are in agreement with the findings of [22] [23] in seeds of lettuce and chicory.
Programs of seed quality control seek fast and efficient methodological alternatives to assess vigor of seed lots, and accelerated aging with a NaCl saturated solution proved an effective test to rank tomato seed lots, correlating well with seedling emergence values.
Conclusions
The accelerated aging test conducted with a saturated salt solution for periods of 48 h or 72 h at 41˚C is an Column means followed by the same letter do not differ by the Tukey test at the 5% probability level. Significant at 1% probability level and ns not significant.
alternative and efficient method to evaluate the physiological quality of tomato seeds.
The standard accelerated aging test was the least efficient alternative with the highest moisture content variation.
